Heavy metal contamination of sediments is a major risk to ecological systems and human health. Not only do sediments influence the quality of the water column, but can be transferred to micro biota and fishes, ultimately ending up at higher trophic levels in the food chain though biomagnification. This study was carried out to assess the contamination levels of heavy metals in the sediments of river Bonsa. Ten sediment samples were taken along the river and analyzed for Copper (Cu), Lead (Pb), Manganese (Mn), Iron (Fe), Zinc (Zn), Cadmium (Cd), Chromium (Cr), Cobalt (Co), and Nickel (Ni) using Atomic Absorption Spectroscopy (AAS). Data analysis was accomplished by comparing the measured heavy metal concentrations to Australian and New Zealand Environment and Conservation Council (ANZECC) and National Oceanic and Atmospheric Administration (NOAA) fresh water sediment quality guidelines and by the computation of geo-accumulation indices and enrichment factors. The results show that apart from Ni which had two of its sample concentrations (at BS1 21.167 mg/kg and at BS2 29.374 mg/kg) exceeding the ANZECC lower limit (21 mg/kg) guideline for fresh water sediment, all other heavy metals recorded concentrations below the lower limits of their respective ANZECC standards. Out of the 10 samples analyzed, 7 recorded Mn concentrations above the NOAA ARC TEL. A one-sample t-test also showed that the mean concentrations of Cu, Pb, Cd, Zn, Ni, and Cr were significantly lower than their respective ANZECC threshold values and Fe concentration was also significantly lower than the NOAA threshold; however, there was no significant difference between Mn mean value and the corresponding NOAA guideline value. The assessment of heavy metal pollution was derived using the Enrichment Factor (EF) and geo-accumulation indices (I-geo). The computed enrichment factors indicated that all the heavy metals except Ni are from natural sources (i.e., EF < 1.5) signifying a degree of heavy metal depletion rather than enrichment. The sources of Ni were attributed to domestic waste disposal into the river at sampling points BS1 and BS2 as well as run offs from a nearby auto mechanic workshop. All the metals had I-geo values between 0 and 1 (0 < I-geo < 1) denoting unpolluted to moderately polluted sediments. Thus, in terms of heavy metals, the river is unpolluted. These findings are very important as it shows that river Bonsa has not yet been impacted as far as heavy metals are concerned and the data gathered may serve as baseline for future studies.
Introduction
Heavy metal contamination of aquatic systems is currently one of the prominent environmental issues globally, and has drawn considerable attention due to their toxicity, persistence and bioaccumulation (Zahran et al., 2015; Kanchana et al., 2014; Varol & Sen, 2012; Zhan et al., 2010) . Various authors (Kanchana et al., 2014; Yang et al., 2014; Gao & Chen, 2012; Gowd et al., 2010; Li et al., 2000; Chang et al., 1998) have reported elevated concentrations of heavy metals in different aquatic systems around the globe and their impact on ecological and human health.
All heavy metals are toxic if present in an organism in excess amount, however, some such as Cu, Zn, Fe, Cr, Mg are said to be micronutrients, essential in moderate quantities for metabolism of organisms. Other heavy metals including Al, Cd, Pb have no known biological importance and exhibit extreme toxicity even at trace levels (Manahan, 2005; Canli & Atli, 2003; Sures & Reimann, 2003) .
The effects of heavy metal pollution on macro and microbiota have been documented by several researchers to include; species loss and extinction, genetic modification, retarded growth and the alteration of the electrokinetic properties of bacteria and yeasts (Uaboi-Egbennil et al., 2010; Davies et al., 2006; Mucha et al., 2003) . Heavy metals may bioaccumulate in aquatic plants, fish and shellfish and may be transferred to humans through the food chain. This results in debilitating developmental, behavioral, psychological, and cognitive changes in an exposed person and sometimes death (Kanchana et al., 2014; Fagbote & Olanipekun, 2010) .
Heavy metals may be introduced into the aquatic environment through natural sources such as atmospheric deposition and geological weathering or by anthropogenic sources including municipal and industrial discharges and agricultural run-off (Savadi et al., 2015; Kanchana et al., 2014) . Upon their release into the aquatic environment, heavy metals eventually become deposited in se- Sediments are the major repository of heavy metals in aquatic systems and play a vital role in remobilization and enrichment of the overlying water column (Banerjee et al., 2017; Rodrigue et al., 2016) . The concentration of heavy metals in sediments may be 3 -5 times higher than that of the water column with the concentration being influenced by physicochemical adsorption, physical accumulation and biological uptake (Banerjee et al., 2017; El-Madani & Hacht, 2017; Akan et al., 2010) .
Besides influencing water quality, sediments serve as sources of bioavailable contaminants for micro and macro aquatic biota and hence biomagnifications in the food chains. The transfer of heavy metals from sediments to aquatic biota is well reported (Rodrigue et al., 2016; Uaboi-Egbennil et al., 2010; Mucha et al., 2003) . Sediment is therefore considered a sensitive indicator for monitoring aquatic pollution and therefore vital in preventing ecological and human health risks.
River Bonsa is the largest river draining the Tarkwa-Nsuaem municipality and serves as the source of water for domestic, agricultural and industrial activities for the riparian communities. It is also the source of water drawn, treated and distributed to all homes within the Municipality by the Ghana Water Company
Limited. The quality of this water source is thus essential for the general health status of the populace.
This study aimed to assess the concentration of metal contaminants, their enrichment levels and the pollution status of sediments of river Bonsa in the Western Region of Ghana.
Materials and Methods

Study Area
River Bonsa is located in the Tarkwa Nsuaem municipality of the Western Region of Ghana on latitude 4˚5'' and longitude 5˚5'' (Figure 1 ). The Municipality is often labeled the Hub of mining activities in Ghana because it lies on the Birimian and Tarkwaian geological formations, which are the two most economically important formations as far as mineral deposits are concerned. As such the Municipality hosts three major mining companies and many other small-scale mining companies.
Survey and Sampling
Before the collection of sediments samples, a survey was conducted to identify suitable sampling sites taking into account factors such as accessibility, human activities and establishments near the river.
Ten sediment samples were collected at approximately 90 m along the river using a grab sampler and labelled BS1 to BS10. A handheld GPS receiver was used to record the coordinates of all the sampling points as shown in Table 1 . were stored in well labeled Ziploc bags, sealed and transported to the laboratory for pre-treatment and analyses.
Sample Preparation
In the laboratory, the sediment samples were oven dried at a temperature of 110˚C for one hour to remove the moisture content. The dried samples were allowed to cool and subsequently acid digested. 
Sample Digestion
Aqua Regia (68% w/w Nitric acid (HNO 3 ) and 35% w/w Hydrochloric acid (HCl)) in the ratio 1:3 (i.e. 10 mL of HNO 3 and 30 mL of HCl) was added to 5 g each of the dried sediment samples and heated on a hot plate at 105˚C for 15 minutes. 10 mL each of the digests were transferred into 50 mL standard flask and topped up to the mark with distilled water. These were then filtered through 0.45 µm Whatman filter paper and used for heavy metal analysis.
Heavy Metal Analysis
Cu, Cd, Pb, Fe, Mn, Ni, Cr, Zn and Co were analyzed using the Varian AA240FS
Fast Sequential Atomic Absorption Spectrometer (AAS) at absorbance wavelength of 324.8, 228.8, 217.0, 243.8, 279.5, 232.0, 357.9, 213.9 , and 240.7 nm respectively. The results were then compared with the Australian and New Zealand Environment and Conservation Council (ANZECC) and National Oceanic and Atmospheric Administration (NOAA) Guidelines for fresh water sediment quality.
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The ANZECC and NOAA guidelines both have two limits, the ISQG-low concentration also known as the trigger concentration and the ISQG high concentration. The trigger concentration is the threshold below which the probability of adverse effect is very low or negligible whilst the ISQG high concentration is the limit beyond which the heavy metals become bioavailable. Exceeding this value however does not mean adverse effects will occur in the sediments, but will require further investigation into other factors that influence bioavailability to confirm whether or not an adverse effect will be produced.
Contamination Assessment
The study employed the geo-accumulation index (I-geo) and Enrichment Factor (EF) to determine the status and sources of heavy metal contamination of the sediments respectively.
Enrichment Factor
Enrichment is a method used to estimate the anthropogenic impact on sediments by calculating the difference between the metals originating from human activities and those from natural provenance. Enrichment factor is a means of determining anthropogenic influence on heavy metal concentration in sediments (Rodrigue et al., 2016) . The EF is calculated by using Equation (1) (Sutherland, 2000) .
Geo-Accumulation Index (I-geo)
Index of geo-accumulation (I-geo) was originally defined by Muller in 1969, in order to define and determine metal contamination in sediments by comparing the levels of heavy metal obtained to a background level originally used with bottom sediments (Atiemo et al., 2011) . It is calculated by using Equation (2) I-geo < 0 = practically unpolluted, 0 < I-geo < 1 = unpolluted to moderated polluted, 1 < I-geo < 2 = moderately polluted, 2 < I-geo < 3 = moderately to strongly polluted, 3 < I-geo < 4 = strongly polluted, 4 < I-geo < 5 = strongly to extremely polluted, I-geo > 5 = extremely polluted.
Results and Discussion
For effective interpretation and discussions, the result of the concentrations of 
Sediment Quality Guideline
The concentrations of zinc, lead, cadmium, chromium and copper in all the 10 samples analyzed were below their respective ANZECC trigger concentrations or threshold limits (Figures 3-8) . The concentrations of iron in all the samples analyzed were found to be below its corresponding NOAA ARC TEL. This implies a very low probability of bioavailability of these metals and hence no ecological or human health impact.
With the exception of BS1 and BS2, all samples analyzed had Ni concentrations below the ANZECC trigger value (Figure 9 ). The Ni concentrations at BS1
and BS2 although greater than the trigger limit were all found to be well below the ISQG high concentration. The high Ni concentration at BS1 and BS2 could 
Statistical Analysis
The mean concentrations of the various heavy metals were compared with their corresponding ANZECC or NOAA ARCS TELL threshold guideline values using a one-sample t-test as shown in Table 2 . It was observed that the mean concentrations of Cu, Pb, Cd, Zn, Ni, and Cr were significantly lower than their respective ANZECC threshold values (p < 0.05). The mean Fe concentration was also significantly lower than the NOAA threshold, however there was no significant difference between Mn mean value and the corresponding NOAA guideline value. However, it was close to the NOAA threshold value. These higher Mn levels corroborate the economic deposit of Mn in the study area. 
Contamination Assessment
Based on the individual elements' measured concentrations and their background values, geo-accumulation indices and enrichment factors were calculated to determine the levels and sources of contamination, respectively, and the results are shown in Table 3 .
Enrichment Factor (EF)
The EF values for all the metals except Ni analyzed were less than 1.5 which denotes no enrichment. This means all the heavy metals measured had their sources from the natural environment or geogenic source except Ni. Ni had a calculated EF of 3.44 denoting moderate enrichment (Table 3) .
Geo-Accumulation Index (I-Geo)
According to (Saleem et al., 2015) , I-geo is the quantitative value of contamination index in sediments and as such any increase in the reference level may be envisaged as anthropogenic (Rodrigue et al., 2016) . All the heavy metals analyzed had I-geo values between 0 and 1 which denotes unpolluted to moderately polluted. Hence the river may be said to be unpolluted with respect to heavy metals.
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Conclusion
This study was carried out on the sediments of River Bonsa to examine the levels and sources of heavy metal contamination. ANZECC and NOAA standards for fresh water sediment quality were used as the benchmark against measured concentrations of the heavy metals in the sediments of river Bonsa. Geo-accumulation indices and enrichment factors were also calculated. 
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